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Abstract of JP8264372 

PURPOSE: To reduce the variation in 
thickness and also lower film hardness by 
fomning an eiectroless plated filnn using an 
electroiess plating liquid having nnore oxygen 
than a normal oxygen concentration or having 
the electroiess plated film obtained using an 
eiectroless plating liquid having normal oxygen 
concentration subjected to additional thermal 



treatment. CONSTITUTION: A baked 
conductive film 4 is formed by applying nickel 
conductive paste to both ends of a ceramic 
material 3 comprising internal electrodes 1 and 
ceramic inductors 2 alternately laminated and 
baking them. Then the material 3 is soaked in 
an eiectroless copper plating liquid and stirred 
in the air to form an electroiess copper plated 
film 5 on the conductive film 4. Then after the 
material is rinsed in water, electrolytic nickel 
barrel plating is applied in nickel plating bath to 
form a nickel plated film 6. This material is 
further subjected to electrolytic solder barrel 




plating in solder plating bath to form a solder 
plated film 7, thereby forming external 
electrodes 8, 8. 
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(54) MANUFACTURE OF ELECTRONIC COMPONENT WITH ELECTROLESS PLATED FILM 
(57)Abstract: 

PURPOSE: To reduce the variation in thickness and also 
lower film hardness by forming an electroless plated film 
using an electroless plating liquid having more oxygen than a 
normal oxygen concentration or having the electroless plated 
film obtained using an electroless plating liquid having normal 
oxygen concentration subjected to additional thermal 
treatment. 

CONSTITUTION: A baked conductive film 4 is formed by 
applying nickel conductive paste to both ends of a ceramic 
material 3 comprising internal electrodes 1 and ceramic 
inductors 2 alternately laminated and baking them. Then the 
material 3 is soaked in an electroless copper plating liquid 
and stirred in the air to form an electroless copper plated 
film 5 on the conductive film 4. Then after the material is 
rinsed in water, electrolytic nickel barrel plating is applied in 
nickel plating bath to form a nickel plated filnri 6. This material 
is further subjected to electrolytic solder barrel plating in 
solder plating bath to form a solder plated film 7, thereby 
forming external electrodes 8, 8. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An electroless deposition film. Oxygen below ****** dissolved oxygen usually contained in 
electroless plating liquid under a hyperoxia electroless deposition process formed in electroless 
plating liquid under air existence using electroless plating liquid which has many oxygen from quantity 
of usually contained ****** dissolved oxygen, and air existence. A manufacturing method of 
electronic parts with an electroless deposition film which have the electroless deposition film 
formation process of including at least one process of a heat treatment concomitant use electroless 
deposition process of performing stress relief heat treatment formed using electroless plating liquid 
to contain. 

[Claim 2]A manufacturing method of electronic parts with an electroless deposition film which have 

an electroless deposition film formation process characterized by comprising the following. 

A hyperoxia electroless deposition process formed using electroless plating liquid which has many 

oxygen from quantity of ****** dissolved oxygen which usually contains an electroless deposition 

film in electroless plating liquid under air existence. 

A heat treatment process. 

[Claim 3]A manufacturing method of the electronic parts with an electroless deposition film according 
to claim 1 or 2 whose heat treatment process is 120 minutes from 150-250 ** and 30 minutes. 
[Claim 4]In a manufacturing method of electronic parts which have exterior electrodes in ceramic 
element assemblies at least, A manufacturing method of electronic parts with an electroless 
deposition film in which these exterior electrodes consist of two or more conductive layers which 
have a tin content metal skin in a surface layer, and at least one layer of a conductive layer of this 
plurality is formed of the electroless deposition film formation process according to any one of claims 
1 to 3. 

[Claim 5]A manufacturing method of the electronic parts with an electroless deposition film according 
to any one of claims 1 to 4 as for which two or more conductive layers consist of a thick film of a 
surface layer of a foundation layer and a tin content metal skin have two-layer at least and according 
[ this foundation layer ] to a coating film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the manufacturing method of the electronic parts 
which have an electroless deposition film in exterior electrodes in electronic parts, such as a chip 
shape multilayer capacitor. [0002] 

[Description of the Prior Art]Although electronic parts, such as a capacitor and an inductor, are used 
for many electronic equipment, The circuit component which mounted electronic parts in the printed 
circuit board with high density comes to be used with the miniaturization of the latest electronic 
equipment, Many chip like electronic components, such as a chip shape laminated ceramic capacitor, 
a chip shape ceramic thermo sensitive register, and a chip shape inductor, are used as electronic 
parts for [ this ] mounting with high density. These chip like electronic components form exterior 
electrodes in the both-ends side of ceramic element assemblies the square pillar type of each 
element, and pillar type, and they are used for these exterior electrodes, being soldered to the 
soldering land of a printed circuit board. For example, a chip shape laminated ceramic capacitor, A 
ceramic dielectric layer and an internal electrode are laminated by turns, and it is pulled out so that 
the end of the internal electrode concerned may become the both-sides end face of the ceramic 
element assemblies of the layered product mutually alternately in an opposite hand, The exterior 
electrodes linked to that end are formed in the end face concerned, and these exterior electrodes are 
soldered and used for the soldering land of a printed circuit board. In order to form the exterior 
electrodes of these chip shape laminated ceramic capacitor and other chip like electronic 
components, burned type conductive paste containing Ag, Ag-Pd, Cu, nickel, etc. is applied to the 
both-sides end face of each ceramic element assemblies, and is baked, and the foundation layer of a 
thick film is formed. Next, since the phenomenon of ''a solder foods crack" of Ag dissolving and 
shifting to melting solder and slimming that baking film is produced only by this baking film when 
soldered to the soldering land of a printed circuit board, [ what is called ] Since the soldering 
intensity which plating metal, such as nickel and Cu, is performed on this baking film, and cannot soak 
melting solder in that metal skin well further, but is practical is not obtained, Plating the solder which 
consists of Sn for improving the wettability to melting solder on the metal skin, or Sn and Pb is 
generally performed. 
[0003] 

[Problem(s) to be Solved by the Invention]AIthough the metal skin of these chip like electronic 
components is formed of electrolytic plating, Since the metal skin is provided via a foundation layer 
because ceramics etc. cannot perform electrolytic plating directly nonconducing, and the foundation 
layer is a thick film which consists of coating films as described above. For example, in the thick film 
using burned type conductive paste of nickel, it is unavoidable to produce unevenness on the surface. 
Since the plating current density in a convex portion becomes large, a plating film will be formed 
thickly, the plating current density in a concave portion will become small and a plating film will be 
thinly formed if electrolytic plating is performed to the surface with the unevenness, What is called 
plating is attached, plating current density varies, the thickness of a plating film also varies according 
to it, a homogeneous plating film is [ surroundings nature is bad, ] hard to be obtained, and wettability 
of solder may be worsened when, soldering a chip like electronic component to a printed circuit board 
as a result. In the case of the T type LC circuit which connected to T type the inductor of shown 
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in drawing 9 , and Lg, and the capacitor of C, for example with the lamination LC chip, as shown in 

drawing 10 , Laminate the inductor part 11 and the capacitor part 12, and connect the coils 13 and 14 
of a right-and-left couple, and the former is constituted, Pinch a dielectric with the internal 
electrodes 15 and 16 of an up-and-down couple, and the latter is constituted. In the outer wall of the 
layered product at the exterior electrodes 17 corresponding to ** of LC connection section of the 
above-mentioned LC circuit, and the appearance L^, Although the thing of structure which formed 

the exterior electrodes 20, respectively is manufactured by each terminal of the coils 13 and 14 
corresponding to terminal [ of L2 ] **, and ** at the terminal of the exterior electrodes 18 and 19 and 

the internal electrode of the capacitor similarly corresponding to terminal ** of C, Perform the 
exterior electrodes on a burned type conductive paste film, and what is called barrel electrolytic 
plating barrel electrolytic plating, A plating bath is made to intervene between the anodes which 
provided the negative pole into the barrel of a mesh and were provided in the exterior of a barrel 
corresponding to this, and the straw man of a plating object and a granular conductor is put into a 
barrel, and it plates, agitating these together.Therefore, if any these one flows through L^, terminal 

[ of Lg ] **, **, and its terminal area ** electrically with the negative pole, other terminals will flow 

electrically, so that it may be known also from drawing 9 , but. Terminal ** of the capacitor C is 
electrically insulated with these, and the probability that the portion of will flow is set to one third 
in ** - **, The plating film of the exterior electrodes 20 corresponding to ** becomes thin by a 
plating film becoming thick, the above-mentioned exterior electrodes 17—19 corresponding to result 
- ** produce dispersion in the thickness of a plating film, and the same problem as the above is 
produced. 

[0004]As a plating method by such an electrolytic plating method, in manufacturing a printed wired 
board, for example as electronic parts, Like the case where the metal layer which gives conductivity 
is formed in the nonconducing surfaces, such as glass, pottery, and a plastic, although the electroless 
plating method is used like the silver mirror reaction, Performing especially through hole plating to the 
hole of high integration of a semiconductor device and the byway of fine circuit formation of a printed 
wired board or a high aspect ratio where wiring density and the Kota stratification are called for with 
surface-mount-izing by non-electrolytic copper plating is performed. As a non-electrolytic copper 
plating film formed in a printed wired board. Temperature is performed repeatedly, or even when a 
temperature change is carried out rapidly, a crack goes into the plating film, or. The physical 
properties, i.e., the character to bear the heat stress in a heat cycle test or a spalling test, that the 
plating film does not exfoliate from a substrate are searched for, and it is said that it is required for 
ductility to be high for that purpose. However, the ductile high plating film was not obtained, but it 
happened that a crack arises in a plating film with the heat stress by the above-mentioned 
examination, or a plating film exfoliates from a substrate, and inferior goods might be made from the 
electroless deposition method for performing electroless deposition by the plating bath under the 
conventional air existence. 

[OOOSjThe 1st purpose of this invention is to provide the electronic parts with an electroless 
deposition film which have an electroless deposition film with little dispersion in thickness. The 2nd 
purpose of this invention is to provide the electronic parts with an electroless deposition film which 
have the electroless deposition film excellent in the wettability of solder. The 3rd purpose of this 
invention is to provide the electronic parts with an electroless deposition film which have an 
electroless deposition film with high ductility and low hardness. The 4th purpose of this invention is to 
provide the electronic parts with an electroless deposition film which have an electroless deposition 
film which can bear the heat stress in a heat cycle test or a spalling test. 
[0006] 

[Means for Solving the Problem]In order that this invention may solve an aforementioned problem, (1), 
An electroless deposition film. Oxygen below ****** dissolved oxygen usually contained in 
electroless plating liquid under a hyperoxia electroless deposition process formed in electroless 
plating liquid under air existence using electroless plating liquid which has many oxygen from quantity 
of usually contained ****** dissolved oxygen, and air existence. A manufacturing method of 
electronic parts with an electroless deposition film which have the electroless deposition film 
formation process of including at least one process of a heat treatment concomitant use electroless 
deposition process of performing stress relief heat treatment formed using electroless plating liquid 
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to contain is provided. A manufacturing method of electronic parts with an electroless deposition film 
this invention is characterized by that comprises the following, In a manufacturing method of the 
above (1) (3) and whose heat treatment process are 120 minutes from 150-250 ** and 30 minutes, or 
electronic parts with an electroless deposition film of (2), and (4) and a manufacturing method of 
electronic parts which have exterior electrodes in ceramic element assemblies at least, These 
exterior electrodes consist of two or more conductive layers which have a tin content metal skin in a 
surface layer, And a manufacturing method of electronic parts with an electroless deposition film in 
which at least one layer of a conductive layer of this plurality is formed of the above (1) thru/or one 
electroless deposition film formation process of (3), That for which a manufacturing method of (5), 
the above (1) as for which two or more conductive layers consist of a thick film of a surface layer of 
a foundation layer and a tin content metal skin have two-layer at least and according [ this 
foundation layer ] to a coating film, or one electronic parts with an electroless deposition film of (4) is 
provided. 

(2), a hyperoxia electroless deposition process formed using electroless plating liquid which has many 
oxygen from quantity of ****** dissolved oxygen which usually contains an electroless deposition 
film in electroless plating liquid under air existence. 

An electroless deposition film formation process of including a heat treatment process. 

[0007]In this invention, although an "electroless deposition film" is a plating film obtained by plating 
treatment by "electroless plating liquid", the "electroless plating liquid" refers to electroless plating 
liquid which contains a metal ion for plating, a reducing agent, a complexing agent, and alkali 
chemicals at least. A metal ion for plating is ion of metal which it is going to plate to a processed 
material here, for example, when carrying out coppering, are a copper ion, when carrying out a nickel 
plate, are nickel ion, but. Electroless deposition of not only these but gold (Au), electroless deposition 
of platinum (Ft), Unelectrolyzed metal plating, such as silver (Ag) electroless deposition, electroless 
deposition of palladium, and electroless deposition of these alloy and other metal, can be performed, 
and metal ions, such as Au ion and Ft ion, are said in these cases. Although mineral acid ion, such as 
sulfate ion, nitrate ion, and a chloride ion, cyanide ion, pyrophoric acid ion, etc. are mentioned, a 
counter ion of these metal ions, In order to perform the supply, in the case of Cu ions, for example 
Copper sulfate, a cupric nitrate, a copper chloride salt. There are solutions, such as a copper cyanide 
and a copper pyrophosphate salt, and although especially cupric salt is preferred, other copper 
compounds, such as an oxide of metallic copper and copper, are dissolved in mineral acid solutions, 
such as sulfuric acid, and it may be made to supply, and, also in other metal ions, can carry out 
according to this. As concentration of a metal ion in electroless plating liquid, I. is preferred in 5g/l. - 
10g /. If more than this, it will be easy to produce a metaled deposit reaction in a plating solution, and 
if less than this, a deposit reaction of metal of plating to a processed material will become low easily. 
[0008]Although a reducing agent returns a metal ion in electroless plating liquid which it is going to 
plate, the metal is deposited on the processed material surface and a compound which can form a 
metal membrane is said, Specifically, formalin, paraformaldehyde, dimethylamine borane, 
hypophosphite, hydrazine, glyoxylic acid, KBH^, NaBH^, a ROSSHOERU salt, etc. are mentioned. 

These can be independent or can be used together. [ two or more ] As concentration of a reducing 
agent in electroless plating liquid, I. is preferred in 0.1 g/l. - 20g /. If more than this, it will be easy to 
produce a metaled deposit reaction in a plating solution, and if less than this, a deposit reaction of 
metal of plating to a processed material will become low easily. As alkali chemicals, hydroxide of 
alkaline metals, such as NaOH, KOH, and LiOH, is preferred, and it is preferred to add so that the pH 
of a plating solution may be set to 11.0-13.0. Although a complexing agent says a substance which 
can form a complex, Specifically, for example A tartrate, EDTA (ethylenediaminetetraacetic acid), 
NTA (nitriloacid acetic acid), HEDTA(oxyethylethylenediamine triacetic acid) DHEDDA (dihydroxyethyl 
ethylenediamine diacetate), 1,3FDTA (1,3-propenediamine tetraacetic acid), DTFA (diethylenetriamine 
pentaacetic acid). It is compounds, such as TTHA (triethylenetetramine 6 acetic acid), HIMDA 
(hydroxy ethylimino 2 acetic acid), and ammonia, and a compound which can form a transition metal 
and complexes, such as metal, especially Cu, is mentioned. It is also preferred to use stabilizer for 
electroless plating liquid, and as this stabilizer, DDCN (sodium diethyldithiocarbamate), KSCN 
(thiocyanogen-ized potassium), A 2,2 -bipyridyl, 2,2 -JIFIRIJIN, nicotinic acid, thiourea, Tetra 
methylthio urea, cupron, a cupferron, a thiazole, 2-mercaptobenzothiazole, Potassium ferrocyanide, 
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potassium ferricyanide, a sodium cyanide, Pyrrole, a pyrazole, imidazole, 1 ,2,4-triazole, 1,2,4- 
benzotriazol, a thiophene, a CHIOME lid, rhodanine, Rubeanic acid, pyridine, triazine, a Methyl Orange, 
benzoquinoline, It is preferred to add cyanide compounds, such as 2,2'-biquinoline, a dithizone, 
diphenylcarbazide, NEROKU pro yne, 2 (2-pyridyl) imidazoline, 1, and 10-phenanthroline, a nitrogen 
system organic compound, sulfur compounds, etc., and these are independent, or more than one are 
used together. As concentration of a stabilizing agent in electroless plating liquid, 0.01-100 ppm is 
preferred. If more than this, it will be easy to suspend a plating reaction to a processed material, and 
if less than this, the plating reaction will become difficult to occur. 

[0009]In this invention, ''quantity of ****** dissolved oxygen usually contained in electroless plating 
liquid under air existence" is the quantity of oxygen contained in the plating solution, when performing 
plating treatment using electroless plating liquid, and as for the concentration, 1 ppm or less are 
mentioned. With quantity "electroless plating liquid which has more oxygen" of the dissolved oxygen. 
Although it says changing the oxygen into more states than 1 ppm by specifically carrying out 
bubbling of air or the oxygen into electroless plating liquid, blowing ozone, or making hydrogen 
peroxide contain etc., for example, 4-6 ppm is mentioned, What can exist not only when it is dissolved 
oxygen, but in the electroless plating liquid may be used, and it pressurizes in that case and may be 
made to raise a dissolved amount. If there is too little quantity of this oxygen, the ductility of an 
electroless deposition film will not become high, and since hardness will oxidize in the plating film 
itself if it does not become low but there is, it is not preferred. [ too much ] 
[0010] Although wiring boards, such as a printed-circuit board which has wiring density and an 
electroless deposition film for through holes of a hole of a byway of fine circuit formation for the Kota 
stratification or a high aspect ratio as electronic parts, and electronic parts which have exterior 
electrodes at least are mentioned to ceramic element assemblies in this invention, It is mentioned by 
chip shape ceramic electronic component especially as the latter, and to these. A chip shape 
cylindrical capacitor, a chip shape resistor, a chip shape ferrite bead inductor, They are mentioned by 
NTC or a PTC type chip shape thermo sensitive register, a chip shape varistor, chip shape laminated 
electronic part, etc., and as a chip shape laminated electronic part, A chip shape laminated ceramic 
capacitor, a chip shape lamination ceramic inductor, a chip shape lamination ceramic transformer, 
chip shape lamination ceramic LC parts, etc. are mentioned. "Electronic parts" can also be used as 
"electronic parts which has a circuit which builds in a capacitor and an inductor, and through which 
between each exterior electrodes flows electrically, and a circuit electrically intercepted in a direct 
current." Although the ceramic element assemblies refer to what made a subject a baking body of a 
charge of a ceramic material in this invention, A resistor, a cover body according [ a case of a ferrite 
bead ] to a magnetic body of a conductor when electronic parts using this are thermo sensitive 
registers. In the case of a layered product, a lamination ceramic inductor, and a lamination ceramic 
transformer with which a ceramic layer was laminated on both sides of an internal electrode in the 
case of a laminated ceramic capacitor, a layered product which laminated a ceramic layer on both 
sides of an inner conductor is said, and ceramic element assemblies of other electronic parts also 
apply to these. 

[001 1]In this invention, not only when it has exterior electrodes, for example to both ends of the 
above-mentioned ceramic element assemblies, but when it has an insulator layer in ceramic element 
assemblies between exterior electrodes, it says, "It has exterior electrodes in ceramic element 
assemblies at least." As for exterior electrodes, it is preferred to have at least a foundation layer of a 
conductive layer formed in ceramic element assemblies and a surface layer of a tin content metal 
skin, and it is also preferred to have the interlayer further. It is provided, when an interlayer provides 
a tin content metal skin in a foundation layer directly and it makes a "solder foods crack" 
phenomenon etc. cause, Although the electroless deposition film itself may be sufficient as a 
foundation layer, each thing which a coating film of conductive paste containing conductor powder 
may be sufficient as, and can form a metal layer in the other vacuum evaporation film, ion plating film, 
sputtering film, and bad-conductors surface further can be used, these films — Au, Ag, Pd, Ag-Pd, 
Cu, Zn, and nickel and others — metallic materials, such as an alloy of these, can be used. A 
foundation layer of a conductive layer which generally consists of a baking film of an electrical 
conducting material paste film of Ag, Ag-Pd, or Pd, It has a tin content metal skin an interlayer of a 
plating film which uses Cu, nickel, or Pd as the main ingredients, and also on it. Although it has a tin 
content metal skin in a foundation Ijayer which consists of a baking film of an electrical conducting 
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material paste film containing a conductor which uses as the main ingredients structure which a tin 
content metal skin has exposed, Cu, nickel, or Pd and an electrode of structure which the tin content 
metal skin has exposed is mentioned, it does not restrict to these. With a tin content metal skin, a 
metal skin, and Sn and Pb which use only Sn as the main ingredients are used as the main 
ingredients, and a solder metal skin of Sn/Pb=85-98/2 - 15 is mentioned. 

[0012]In this invention, with "at least one layer of two or more conductive layers", when providing a 
surface layer of the above-mentioned foundation layer, an interlayer, and a tin content metal skin, for 
example, the at least one layer is mentioned, therefore a case of each single layer, two arbitrary 
layers, or all layers is mentioned. At least one of them is just an electroless deposition film 
concerning this invention, and other layers may be thick film conducting films and electrolytic plating 
films which consist of the above-mentioned material. In this Invention, "it heat-treats" is heat- 
treating by oxidizing atmospheres, such as air, and neutral atmosphere, as for the cooking 
temperature, 150-250 ** is preferred, and, as for especially cooking time, 30 to 60 minutes is 
preferred for 30 to 120 minutes. The ductility of an electroless deposition film does not become it 
high that heating is insufficient, and hardness does not become low, either. 
[0013] 

[Function]For example, in non-electrolytic copper plating, on condition of electroless plating liquid 
which CugO generally generates in the plating solution, since metallic copper deposits in a plating 

solution by one of the reactions of following and **, electroless plating liquid becomes 

unstable. 

2Cu2''+HCHO+50H " ->Cu20+HC00 " +3H 2O** Cu20+H20->Cu+Cu^^+20H " ** 

Cu 0+2HCHO+20H ~ ">2 Cu+H +2HC00 ' ~ ^"^2^ carries out an eutectoid in the case of a deposit of +H2O** 

Cu^'*"+2HCHO+40H" ->Ou+H2+2HCOO " +2H 2O**, therefore a plating film, It is thought that a little the CugO will exist 
in the grain boundary in the film, the grain boundary is made to produce a crack when it is returned by hydrogen (H2) of 
** - ** type and this serves as Cu, and ductility is reduced. If the amount of oxygen in a plating solution is increased 
here, OU2O will decrease by following ** type, the eutectoid in the plating film of CugO decreases, it decreases in CU2O 
in the plating film returned by hydrogen by this, and it is thought that making the grain boundary produce a crack 
decreases. 

2+ — 

That the ductility of a plating film Improves by CU2O+2H 20+1/202-'>2Cu +40H ** and heat treatment, The reduction 
ability of CU2O due to the fall of the occlusion amount of hydrogen In a plating film declines by being emitted and spread 
by heating the hydrogen by which occlusion was carried out into the plating film, and since the quantity of Cu by the 
reduction decreases, it Is thought that making the grain boundary produce a crack decreases. 
[0014] 

[ExamplejNext, the example of this invention is described. 

As shown in Example 1 (a) drawing 1 . the internal electrode 1 and the ceramic dielectric 2 to the both ends of the 
ceramic element assemblies 3 laminated by turns. The nickel conductive paste which kneaded nickel powder with ethyl 
cellulose and terpineol was applied by the dipping method, it dried, the nickel conductive paste film was baked at 800 
and the baking conducting film 4 of 20 micrometers of thickness was formed. Thus, 50,000 specimens of the ceramic 
element assemblies which baked and formed the conducting film were created. 

(b) Next, the non-electrolytic copper plating solution of the following presentation was produced In the container (15 I. 
and 20 I.). 

CuSO^ and 5H 8.75 g/1 (liter) 

Rochell salt 37.50 g/l NaOH 1 1 .30 g/l Formaldehyde 8.5ml/l. of the 50,000 above-mentioned specimens are Immersed In 
this. It agitated with the revolving speed of 10 rpm (a part for time/) among the air, this was continued for 30 minutes, 
and the non-electrolytic copper plating film 5 (1-5 micrometers of thickness) was formed on the above-mentioned baking 
conducting film 4. In the oxygen density (g/l) in the electroless plating liquid In this case not being agitated, it is shown in 
drawing 2 w ith the case where oxygen is blown. 
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(c) After taking out and rinsing the 50,000 above-mentioned specimens processed in this way, It accommodates in an 
electrolysis barrel plating tub with a capacity of 100 I., and is a nickel plate bath (for example, nickel sulfate 6 250g/l. 
monohydrate) of further marketing. 80 I. of Watts baths containing nickel chloride 6 45g/l. monohydrate and 30g/I. of boric 
acid were put in. electrolysis nickel barrel plating was given for 45 minutes by 60 ** of bath temperature, and cathode- 

current-density 0.5 A/dm , and the nickel plating film 6 in drawing 1 w as formed in each specimen. 

(d) 50,000 specimens produced by ranking second are accommodated in 1 00-1. another barrel plating tub, Furthermore, 80 
1. of commercial solder plating baths (for example, bath containing the solder which consists Pb of 2 to 1 5% 85 to 98% in 
Sn) are put in, Electrolysis solder barrel plating was given for 45 minutes by 25 ** of bath temperature, and cathode- 

current-density 0.5 A/dm , and the solder plating film 7 in drawing 1 w as formed in each individual. 
[0015]Bake on the both ends of the ceramic element assemblies 3, and Thus, the conducting film 4 (20 micrometers of 
thickness), 50,000 chip shape laminated ceramic capacitors of the 3.2x2.5x1.6 (mm) shape which has the exterior 
electrodes 8 and 8 which consist of the non-electrolytic copper plating film 5 (1.5 micrometers of thickness), the nickel 
plating film 6 (2 micrometers of thickness), and the solder plating film 7 (3 micrometers of thickness) are created, It 
samples at random out of it, and is considered as the specimen for measurement, and the result of having measured the 
solder heat-resistant defective fraction (rate of a crack generation) which is one of the valuation methods of performance 
to the heat stress at the time of soldering of exterior electrodes by the solder heat test method is shown in drawing 3. In 
order to know the ductility of the above-mentioned radio solution coppering film, about the substitution specimen which 
formed the non-electrolytic copper plating film in copper foil, the bending test which Is one of ductile valuation methods, 
and the film hardness examination which Investigates film hardness with the ductility and relation were done, and the 
result was shown in drawing 4 a nd 5, respectively. The various examining methods are mentioned later. In the above, the 
result of having applied correspondingly when other complexing agents, such as EDTA, were applied correspondingly 
instead of a Rochell salt in the non-electrolytic copper plating solution in the above (b) and a Rochell salt was used was 
obtained 

[0016]The specimen which formed the non-electrolytic copper plating film like Example 1 is produced except not having 
agitated in example 2 Example 1 (b). After performing heat treatment heated in 1 50 more ** and 30-minute interspace 
mind, like Example 1 An electrolysis nickel plate, Subsequently, while the result of having created 50,000 chip shape 
laminated ceramic capacitors which performed solder plating and applied to Example 1 correspondingly, and having 
measured the solder heat-resistant defective fraction like Example 1 is shown in drawing 3, The substitution specimen in 
which the non-electrolytic copper plating film heat-treated like the above according to Example 1 was formed is 
produced, and the result of having done the bending test and the film hardness examination is shown in drawing 4 a nd 5. 
[001 7]In this example, except having carried out the conditions of heat treatment in 200 ** and 30 minutes, when 50,000 
chip shape laminated ceramic capacitors which applied to Example 1 correspondingly like the above were created and the 
solder heat-resistant defective fraction was measured like Example 1 , the result of having applied correspondingly above 
was obtained. The substitution specimen in which the non~electroIytic copper plating film heat-treated like the above 
according to Example 1 was formed is produced, and the result of having done the bending test and the film hardness 
examination is shown in drawing 4 a nd 5. Except having made the conditions of heat treatment into the conditions 
applicable to O of the column of Table 1, when 50,000 chip shape laminated ceramic capacitors which applied to Example 
1 correspondingly like the above were created and the solder heat-resistant defective fraction was measured like 
Example 1 , the result of having applied correspondingly above was obtained. O shows the stable low solder heat-resistant 
defective fraction (for example, 10% or less) among front, although what is necessary is just to compare ** with a thing 
with the unsettled effect, an unstable thing is shown, and as for x, a thing with a high (for example, not less than 30%) 
solder heat-resistant defective fraction is shown. 
[0018] 
[Table 1] 
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[0019]The result of having applied correspondingly when it carried out in other oxidizing atmospheres, such as oxygen, 
and neutral atmosphere, for example, a nitrogen atmosphere, instead of performing the above-mentioned heat treatment 
in the air and carried out in the air was obtained. 

[0020]The specimen which formed the non-electrolytic copper plating film like 1 (b) of example 3 example is produced. 
After performing heat treatment heated in 1 50 more ** and 30-minute interspace mind, like Example 1 An electrolysis 
nickel plate, Subsequently, while the result of having created 50,000 chip shape laminated ceramic capacitors which 
performed solder plating and applied to Example 1 correspondingly, and having measured the solder heat-resistant 
defective fraction like Example 1 is shown in drawing 3 , The substitution specimen in which the non-electrolytic copper 
plating film heat-treated like the above according to Example 1 was formed is produced, and the result of having done the 
bending test and the film hardness examination is shown in drawing 4 a nd 5. The result obtained by making it be the same 
as that of the above is shown in drawing 4 a nd 5 except having carried out the heat treatment condition in 200 and 30 
minutes. The result of having applied correspondingly when it carried out in other oxidizing atmospheres, such as oxygen, 
and neutral atmosphere, for example, a nitrogen atmosphere, instead of performing the above-mentioned heat treatment 
In the air and carried out In the atmosphere was obtained. 

[0021]While the result of having created 50,000 chip shape laminated ceramic capacitors like Example 1 except not having 
agitated in comparison reference example 1 Example 1 (b), and having measured the solder heat-resistant defective 
fraction like Example 1 is shown in drawing 3 , The substitution specimen which formed the non-electrolytic copper plating 
film according to Example 1 is produced, and the result of having done the bending test and the film hardness examination 
is shown in drawing 4 a nd 5. The oxygen content of the non-electrolytic copper plating solution under the air existence at 
the time of not agitating is shown in drawing 2 . 

When 50,000 chip shape laminated ceramic capacitors were created like Example 2 except having made the conditions of 
comparison reference example 2 heat treatment into the conditions applicable to ** of the column of Tiable 1 and the 
solder heat-resistant defective fraction was measured like Example 1, the effect was unstable as described above. When 
50,000 chip shape laminated ceramic capacitors were created like Example 2 except having made the conditions of heat 
treatment into the conditions applicable to x of the column of Table 1 and the solder heat-resistant defective fraction 
was measured like Example 1, the effect was bad as described above. 

[0022]It performs that it is the same as that of Examples 2 and 3 and the comparison reference examples 1 and 2 about a 
substitution specimen as well as Example 1 , The rate of a crack generation is measured like the above, and while both 
correlation is shown in the graph of drawing 6 b ased on the measurement result and the bending-test result obtained by 
these examples and a comparison reference example, the correlation of the rate of a crack generation and film hardness 
is similarly shown in the graph of drawing 7 . The result of having asked for the oxygen density and solder heat-resistant 
defective fraction In a non-electrolytic copper plating solution, and having searched for both correlation from these 
examples and a comparison reference example based on these is shown in the graph of drawing 8. 
[0023]Each test method in the above-mentioned example and a comparison reference example is as follows. 
** The measuring instrument (made by Toa Electronics, Ltd.) of oxygen density measuring method marketing was used. 
** After pickling oxygen-free-copper foil with a bending-test thickness of 0.2 mm, it was immersed in the same non- 
electrolytic copper plating solution as each above-mentioned example and a comparison reference example, and agitated 
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with the same revolving speed, and the 2-micrometer-thick non-electrolytic copper metal skin was formed. Thus, after 
bending the obtained specimen, operation to return was made into 1 time, the number of times until a crack occurs in a 
non-electrolytic copper metal skin was bent, and it was considered as the number of times. Although the bent angle was 
examined at 1 80 degrees at the beginning, since the difference of the morphosis of a non-electrolytic copper metal skin 
could not become clear easily, it carried out at 90 degrees. 

** After performing activation according the alumina substrate of 96% of a film hardness examination to the usual 
palladium chloride / tin chloride solution, it was immersed in the same non-electrolytic copper plating solution as each 
above-mentioned example and a comparison reference example, and agitated with the same revolving speed, and the 
non-electrolytic copper metal skin about 10 micrometers thick was formed. Thus, Vickers hardness Hy was measured for 
the obtained specimen using the minute film hardness meter on load 1 5gf and the conditions for retention time 5 seconds. 

** After the specimen of the chip shape laminated ceramic capacitor of solder heat test above-mentioned each example 
and a comparison reference example is immersed in 400 ** melting solder for 5 seconds, The existence of generating of a 
crack was distinguished, this was performed to 100 specimens, the number of the specimens which the crack generated 
was counted, percentage showed the whole number rate of, and it was considered as the solder heat-resistant defective 
fraction (rate of a crack generation). 

[0024]The following thing can be said from the result of the above-mentioned example and a comparison reference 
example. 

(**) It increases 5 times from drawing 2 t o 1 ppm when becoming 5 mg/i (ppm) and not agitating about dissolved oxygen 
concentration, if a non-electrolytic copper plating solution is agitated, and can be made the concentration which is 
seldom different from the case (6 ppm) where oxygen is blown. Generally, to being 1 ppm or less, the dissolved oxygen 
concentration in the case of having no churning can be 4-6 ppm, when it agitates. Thus, if dissolved oxygen concentration 
increases, from the above-mentioned ** type, generation of CU2O in a non-electrolytic copper plating solution will be 
controlled, and the decomposition depressor effect of the plating solution by stabilization of a reaction will be acquired. 
(**) When a solder heat-resistant defective fraction is set to one third from drawing 3 c ompared with what what was 
heat-treated does not carry out, and it agitates among the air, and about 1/is set to 10 compared with what is not carried 
out and it heat-treats further, it turns out that it is made smaller than it. 

(**) The number of times of bending until a crack enters increases from drawing 4 b y churning (dissolved oxygen 
concentration increase) in the air of a non-electrolytic copper plating solution, and heat treatment. That is, ductility 
increased. The reason is as the paragraph of the above "OPERATION" having explained. If supplemented about an effect 

15 3 

by heat treatment, it will be checked that the void of the diameter of 2-30 nm exists by the density of 9x10 /cm in a 

non-electrolytic copper plating film, Although it is one of the causes of what is called hydrogen embrittlement by which 

4 

the pressure of hydrogen gas in this void also reaches 2 - 4x10 atmospheric pressure, and this embrittles that metal 
skin, Since it is easy to be spread, and hydrogen is emitted by heat treatment and a hydrogen storage capacity falls, the 
ductility of an electroless deposition film increases hydrogen in this void. It means that it is confirmed by heat treatment 
that the hydrogen quantity by which occlusion is carried out decreases, and it was shown clearly that the ductility of a 
non-electrolytic copper plating film improved with reduction of hydrogen quantity by which occlusion is carried out when 
this quantified hydrogen in a non-electrolytic copper plating film using an ion microanalyzer. 

(**) From drawing 5, churning (dissolved oxygen concentration increase) in the air of a non-electrolytic copper plating 
solution and heat treatment showed that the hardness of a non-electrolytic copper plating film fell. About the reason, the 
same reason as the case where the ductility of the above-mentioned (**) increases can be considered. About the relation 
of the dissolved oxygen concentration and the hardness of a plating film of a non-electrolytic copper plating solution, the 
pace of expansion of the plating film improves, so that the dissolved oxygen concentration is high, falling is confirmed and 
tensile strength is considered that hardness fell by plastic change by this. Therefore, although dissolved oxygen is an 
important factor which influences the film property of that plating film, the detailed relation between the membrane 
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structure which determines this film property, and dissolved oxygen is not yet solved. 

[0025](**) There was much number of times of bending, namely, from drawing 6 a nd 7, when ductility was high, the solder 
heat-resistant defective fraction was reduced, when film hardness was low, it turned out that a solder heat-resistant 
defective fraction is reduced, and when ductility became high simultaneously, it turned out that film hardness falls. 
Generally a pace of expansion increases that ductility of the reason improves, Since tensile strength falls, the stress 
absorbed amount to the film fracture by modification of the plating film to heat stress improves for the increase in the 
pace of expansion of a non-electrolytic copper plating film, On the other hand, the modification over membranous heat 
stress becomes easy due to the fall of tensile strength, the plastic deformation area of the plating film is expanded by 
these, and it is thought that it is because heat stress with the body to be plated can be eased. 

(**) It turns out that the influence which dissolved oxygen concentration decreases at not less than 3 g/1 as rapidly [ a 
solder heat-resistant defective fraction ] as 5% or less, and has on the solder heat-resistant defective fraction of 
dissolved oxygen concentration from drawing 8 is remarkable. 
[0026] 

[Effect of the Invention]In this invention, the electroless deposition film which formed the electroless deposition film using 
the electroless plating liquid which has more oxygen than the usual oxygen density, or was obtained using the electroless 
plating liquid of the usual oxygen density was heat-treated further. 

Therefore, the ductility of the electroless deposition film can be increased and film hardness can be reduced, . Have an 
electroless deposition film which can bear the heat stress in a heat cycle test or a spalling test by this. For example, the 
chip like electronic component provided with exterior electrodes can be provided, and which prevents generating of the 
exfoliation from the crack of the exterior electrodes by the heat history of ceramic element assemblies or the ceramic 
element assemblies of exterior electrodes is made. 

Even if an electroless deposition film is formed on the thick film which consists of coating films. The thickness of a plating 
film does not vary like [ in the case of performing electrolytic plating ], uniform thickness being obtained, and, without it 
seeming that it will obtain and say if the thickness of the plating film of the exterior electrodes differs by whether an 
internal element is an inductor like [ in the case of moreover forming the exterior electrodes of a lamination LC chip by 
barrel plating ], or it is a capacitor. For example, also when soldering the chip like electronic component provided with the 
exterior electrodes which have an electroless deposition film to a printed circuit board, it can avoid spoiling **** of 
melting solder. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline sectional view of the chip shape laminated ceramic capacitor provided with 
the exterior electrodes which have an electroless deposition film concerning this invention. 
[Drawing 2]I t is a graph which shows the oxygen density in a non-electrolytic copper plating solution. 
[Drawing 3] It is a graph which shows the result of having measured the solder heat-resistant 
defective fraction of the specimen which has a non-electrolytic copper plating film. 
[Drawing 4]I t is a graph which shows the bending-test result of the specimen which has a non- 
electrolytic copper plating film. 

[Drawing 5] It is a graph which shows the measurement result of the film hardness of the specimen 
which has a non-electrolytic copper plating film. 

[Drawing 6]I t is a graph which shows the relation of the bending-test result of a specimen and solder 

heat-resistant defective fraction which have a non-electrolytic copper plating film. 

[Drawing 7]I t is a graph which shows the relation of the measurement result of the film hardness of a 

specimen and solder heat-resistant defective fraction which have a non— electrolytic copper plating 

film. 

[Drawing 8]I t is a graph which shows the relation between the oxygen density in a non-electrolytic 

copper plating solution, and the solder heat-resistant defective fraction of the specimen which has 

the non-electrolytic copper plating film. 

[Drawing 9]I t is a T type LC circuit diagram. 

[Drawing 10] It is a lamination LC chip incorporating the circuit. 

[Description of Notations] 

1 Ceramic dielectric layer 

2 Internal electrode 

3 Ceramic element assemblies 

4 Printing conducting film 

5 Non-electrolytic copper plating film 

6 Nickel plating film 

7 Solder plating film 

8 Exterior electrodes 



[Translation done.] 
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